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1
AIR HEATER

TECHNICAL FIELD

The present invention relates generally to heaters,
and more particularly, to a novel air heater for provid-
ing sterile air in an aseptic packaging system.

BACKGROUND ART

For years, packaging of food products for ambient
temperature storage and distribution has been primarily
conducted in glass or metal containers. The costs associ-
ated with these containers, their closures, and their
labels have increased and are projected to continue to
rise. Utilization of thermoplastic materials would con-
serve more energy on a packaging and distribution
systems basis. Additionally, the costs would not be as
great. Therefore, it would be extremely desirable to
provide more food products packaged in thermoplastic
material.

Additionally, in the processing of foods there have
generally been two approaches to the packaging of food
products in a container. The first method utilizes retort-
ing, whereby a food product is placed in a container, the
container is sealed and then the product and container
are subjected to heat, such that the product is sterilized.
In the second method, a container is subjected to a
sterilizing process prior to its receiving sterilized food
product. Conventional processes for sterilizing contain-
ers in which food stuff are subsequently packaged In-
clude UV irradiation, treatment with a mixture of steam
and air, and an aseptic technique in which the intenior
wall of the container is sprayed with hydrogen peroxide
and subsequently dried.

It can be appreciated that because of the heat sensitiv-
ity of most thermoplastics, conventional retort steriliza-
tion techniques can damage or destroy most thermo-
plastic packages of the type capable of containing food
product under ambient conditions for prolonged peri-
ods. On the other hand, the application of aseptic pack-
aging would permit increased usage of thermoplastic
packaging materials, since application of aseptic tech-
niques would leave the package unaltered and undam-
aged. Additionally, a food product subjected to aseptic
packaging incurs minimal alteration due to processing,
thereby theoretically yielding a higher quality-end
product.

Experience has shown hydrogen peroxide to be a
particularly reliable sterilizing agent for killing micro-
organisms in food product containers. The germicidal
action of peroxide depends upon the formation of the
hydrogen peroxide free radical in the formation of free
oxygen. The free oxygen being formed during thermal
decomposition of H20O; exhibits a particularly strong
sterilizing affect at the moment of formation. The effi-
ciency of the wet aseptic process is attributable to the
hydrogen peroxide being able to penetrate the cell walls
of microorganisms.

Hydrogen peroxide is a chemical irritant. It is there-
fore necessary to obtain residual levels of less than 0.5
ppm (parts per million) before contact with the food
product. The removal of the peroxide introduced into
the food product container is typically achieved by
evaporation, and thus an aseptic process requires the
heating of the food product container after the intro-
duction therein of the peroxide.

U.S. Pat. No. 4,742,667 discloses a method and an

apparatus for aseptic packaging. The general compo-
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nents of the system taught in that particular patent are
typical of the components in many aseptic packaging

systems. In operation, a food product container arrives

at a sterilization station. Hydrogen peroxide or another
suitable disinfectant is applied to the inner surface of the
container. Oftentimes, the application involves atomiza-
tion of a liquid so that a mist is applied. After applica-
tion of the disinfectant, the container is transported
along a conveyor, during which transport the food
product container is subjected to additional sprayings of
hot arr.

The amount of disinfectant, the temperature of the
initial disinfectant spray, the temperature of the air and
the volume of the air all affect the killing of any micro-
organisms which may be present inside of the contamer.
Since the residual peroxide concentration must be
greatly reduced prior to introduction into the food
product container of actual food product, the tempera-
ture and the air flow rate are critical. Typically a plural-
ity of air heaters are utilized in drying the food product
containers.

An example of an aseptic packaging machine or filler
is the type manufactured by FMC Corporation, and
known as Metal Box, a former division of CMB Engi-
neering Group, PLC. These aseptic packaging systems
utilize an air heater fabricated with bare heater element
wire wound around ceramic insulator blocks. The
heater element wire comprises nickel and chrome. The
heater element is contained within an air supply tube.

This type of air heater has several drawbacks. First,
over time, the nickel chromium wire tends to oxidize.
The oxide, due to the passage thereover of air, tends to
flake and create the possibility of contamination of the
ultimately packaged food product. The problem 1s exac-
erbated by the fact that the oxide has been hinked to
being a carcinogen. Another disadvantage is the fact
that the passage of air over the ceramic insulator blocks
in the presence of the intense heat generated by the bare
heater element. wire causes the degradation of the ce-
ramic material. Actual usage of the prior art air heater
has resulted in the actual loss of ceramic material, which
most likely ended up being introduced into the area in
the aseptic packaging system where the hot air is intro-
duced into the food product containers. This presents
the possibility of particulate contamination of the pack-
aging prior to filling.

One other drawback associated with the prior art air
heater is the fact that while the temperature of the air
upon impact with the food product containers may need
to be in the range of 71°-82° C. (160-180° F.), this re-
quires the heater element wire to have a surface temper-
ature of well in excess of 538° C. (1000° F.). In some
sterilization operations, it became necessary to increase
the temperature of the heater element wire beyond the
recommended temperature.

Finally, the prior art air heater elements also do not
provide an easy and effective means for adjusting the air
flow through the air heater. While some air heaters
would permit adjustment of air flow, it typically be-
came necessary to remove the heater from the system in
order to accomplish the adjustment. This creates prob-
lems with the maintenance of a sterile environment
within the aseptic packaging system.

It is thus apparent that the need exists for an 1m-
proved air heater which permits the adjustment of air
flow and eliminates the possﬂ:ﬂrty of both particulate
and chromium oxide contamination. It is also apparent
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that the need exists for an air heater which can be used
in association with an aseptic packaging system to per-
mit adjustments to the rate of air flow to maintain the
sterile environment of the sterilization system.

DISCLOSURE OF THE INVENTION

There is disclosed an air heater assembly comprising
a housing encasing a heating element, with the heating
element comprising a plurality of coiled members
joined together. The heating element also comprises a
metallic heat conducting element retained within a me-
tallic sheath. The air heater assembly also comprises a
connector assembly for electrically connecting the
heater assembly to an electrical circuit, with the con-
nector assembly comprising a support bar having se-
cured thereto a pair of connector plates, each of which
connector plates is also secured to the metallic heat
conducting element.

The connector assembly also comprises a main plug
connected to the support bar and to the housing. The
metallic sheath passes through this main plug. The atr
heater assembly also comprises an air flow entry mem-
ber which is attached to the housing. The air flow entry
member comprises a fixed plate having formed therein a
plurality of orifices, and a slidably cooperating plate
having formed therein a plurality of orifices. The slid-
ably cooperating plate is adjustable relative to the fixed
plate so as to vary the rate of the flow of air through the
heater assembly.

Preferably the slidably cooperating plate is positioned
directly adjacent the fixed plate. Also preferably, the
metallic heat conducting element comprises chromium
and nickel, and the metallic sheath comprises stainless
steel. The heat conducting element is suspended within
the metallic sheath in an insulative layer comprising
magnesium oxide.

The slidably cooperating plate comprises a pair of
notches located on the opposite edges of the plate. The
air flow entry unit comprises a pair of screws which
mechanically engage the notches. These screws are
cooperatively adjustable such that when they are ad-
justed they cause the slidably cooperating plate to move
relative to the fixed plate so as to effect a change in the
rate of the flow of air through the orifices of the slidably
cooperating plate and the fixed plate respectively. The
support bar comprises an upper planar surface, an inter-
mediate planar surface, a bottom surface, and a pair of
channels extending between the intermediate planar
surface and the bottom surface. Each of the channels is
adapted to receive a respective connector plate.

There is also disclosed an air heater assembly com-
prising an air flow entry member, a heating element,
and a connector assembly for electrically connecting
the heater assembly to an electrical circuit. The air flow
entry member comprises means for varying the rate of
air flow therethrough. The heating element is contained
within a housing, which housing comprises means for
channeling air flow egress. The connector assembly
comprises means for connecting the heating element to
the electrical circuit with the means for connecting the
heating element to the electrical circuit comprising a
pair of connector plates, means for securing the heating
element to the pair of connector plates, and means for
securing the electrical circuit to the pair of connector
plates.

The means for varying the rate of air flow comprises
a slidably cooperating plate positioned adjacent a fixed
plate. The fixed plate has formed therein a plurality of

10

15

20

23

4

orifices as does the slidably cooperating plate. The slid-
ably cooperating plate is adjustable relative to the fixed
plate so as to vary the rate of the flow of air through the
heater assembly. The heating element comprises a me-
tallic heat conducting element comprising chromium
and nickel, and a metallic sheet comprising stainless
steel. The metallic heat conducting element is sus-
pended within the metallic sheath in an insulative layer
comprising magnesium oxide.

The slidably cooperating plate comprises a pair of
notches located on opposite edges of the plate. The air
flow entry member comprises a pair of screws which
mechanically engage the notches with these screws
being cooperatively adjustable. These screws, when
adjusted, cause the slidably cooperating plate to move
relative to the fixed plate so as to effect a change in the
rate of the flow of air through the orifices of the slidably
cooperating plate and the fixed plate respectively. The
means for connecting the heating element to the electri-
cal circuit comprise a pair of channels. Each one of
these channels is adapted to receive one of the connec-
tor plates. The heating element comprises a plurality of
coiled members joined together and oriented parallel to
each other.

There is also disclosed an air heater assembly for use
in aseptic packaging systems. The heaters are used in

- combination with others of the same air heater assembly
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structure, with each air heater assembly comprising an
air flow entry member, a heating element, and a connec-
tor assembly for electrically connecting the heater as-
sembly to an electrical circuit. The air flow entry mem-
ber comprises means for affecting the rate of air flow
therethrough. The heaters are adapted to vary the rate
of air flow through respective heater assemblies while
maintaining within the packaging system a sterile envi-
ronment. The heating element is contained within a
housing, with the housing comprising means for chan-
neling air flow egress. The connector assembly com-
prises means for connecting the heating element to the
electrical circuit with the means for connecting the
heating element to the electrical circuit comprising a
pair of connector plates, means for securing the heating
element to the pair of connector plates, and means for
securing the electrical circuit to the pair of connector
plates.

The means for effecting the rate of air flow comprise
a slidably cooperating plate positioned adjacent a fixed
plate. The fixed plate and the slidably cooperating plate
both have formed therein a plurality of onfices. The
slidably cooperating plate is adjustable relative to the
fixed plate so as to vary the rate of the flow of air
through one of the heater assemblies. The heating ele-
ment comprising a metallic heat conducting element
comprising chromium and nickel and a metallic sheath
comprising stainless steel. The metallic heat conducting
element 1s suspended within the metallic sheath 1n an
insulative layer comprising magnesium oxide.

The slidably cooperating plate comprises a pair of
notches located on opposite edges of the shidably coop-
erating plate. The air flow entry member comprises
adjustment means which engage the notches. The ad-
justment means are selectively adjustable, such that it is
adapted to cause the slidably cooperating plate to move
relatively to the fixed plate so as to effect a change in
the rate of the flow of air through the orifices of the
slidably cooperating plate and the fixed plate respec-
tively. The means for connecting the heating element to
the electrical circuit comprise a pair of channels, each
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one of which is adapted to receive one of the connector
plates. The heating element comprises a plurality of
coiled members joined together, with the coiled mem-
bers being oriented parallel to each other.

The present invention provides an apparatus for use
in aseptic packaging. Particulate and chemical contami-
nation due to the heater assemblies are eliminated. In
addition, the ability of the heater assemblies to have the
rate of air flow wvaried, with this adjustment being able
to be done so as to maintain the packaging system in a
sterile environment, permits the packaging system to
have greater flexibility. |

Other aspects and advantages of the invention will be
apparent from the following description, the accompa-
nying drawings, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a perspective view of an air heater assembly
made in accordance with the present invention.

FIG. 2 is an isometric exploded view of an air heater
assembly made in accordance with the present inven-
tion. | | |

FIG. 3 is a vertical sectional view taken
3—3 of FIG. 1. |

FIG. 4 is a vertical sectional view taken along line
4—4 of FIG. 3. |

FIG. § is a partial vertical sectional view on an en-
larged scale of the area encircled in FIG. 3.

FIG. 6 is a horizontal sectional view taken along line
6—6 of FIG. §.

FI1G. 7 is a vertical sectional view taken along line
7—7 of F1G. 6. |

FIG. 8 is a front plan view of the slidably cooperating
plate shown in FIG. 2. |

FIG. 9 is a front elevational view of the fixed plate
shown in FIG. 2.

DETAILED DESCRIPTION OF THE
INVENTION

Having reference to the drawings, attention is di-
rected first to FIGS. 1 and 2, and in particular to FIG.
2 which illustrates an exploded isometric view of an air
heater made in accordance with the present invention
designated generally by the numeral 10. An air heater in
accordance with the present invention has utility for
providing sterile air in an aseptic packaging system. The
basic components of the invention are a main tube 12, a
main tube end piece 14, an adapter cap 16, and a connec-
tor assembly 18. | |

The main tube 12 is preferably a stainless steel tube
having a sidewall 20, with the sidewall 20 having an
inner surface 22 and an outer surface 24. A connector
assembly aperture 26 is formed in sidewall 20. This
connector assembly aperture 26 is preferably formed
adjacent the first end 27 of the main tube. Preferably
formed in the main tube first end 27 are a pair of adjust-
ment screw notches 28 and 29 respectively. Further-
more, a pair of set screw apertures 30 and 31 respec-
tively are formed in the sidewall 20 of the main tube 12,
with the set screw apertures 30 and 31 preferably being
formed on opposite sides of the main tube and in a verti-
cal plane between the main tube first end 27 and the
connector assembly aperture 26. |

At the opposite end of the main tube 12 from the first
end 27 is the main tube second end 34. As can be better
appreciated from a comparison of FIGS. 2 and 3, this
second end 34 is adjacent the main tube end piece 14,
and more particularly, directly adjacent to the end wall

.a]on g line
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6

36. The end wall 36 is formed as part of the main tube
end piece 14. Additionally, the main tube end piece 14
has an aperture 38 formed therethrough with this aper-
ture having a sidewall 40 which extends from the end
wall 36 to the opposite end of the main tube end piece
14.

The adapter cap 16 is comprised of an adapter cap
end wall 42 which end wall is adjacent to a valley 44
formed in the sidewall of the adapter cap 16. This valley
44 includes a first inclined wall 46 as well as a second
inclined wall 48. The cap sidewall 50 also has formed -
therein two cap apertures 52. The cap sidewall outer

~ surface 54 between the apex of the second inclined wall
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48 and the region lying directly inwardly adjacent the
sidewall 20 of main tube 12 is relatively flat except for
the presence of a groove 56, as can best be seen In a
comparison of FIGS. 2, 3 and 3.

Meanwhile, the adapter cap 16 has an inner sidewall
comprising a first surface portion 58 which extends
from the end wall 42 to a first intermediate edge 39. The
first intermediate edge extends outwardly preferably in
a vertical direction to a cap sidewall second inner sur-
face portion 60. This second inner surface portion 60
extends for only a short distance to a second intermedi-
ate edge 61. The second intermediate edge 61 extends

further in an outward direction to a cap sidewall third

inner surface portion 62. The third inner surface portion
extends to the adapter cap inner edge 64. When assem-
bled, as can be appreciated from a comparison of FIGS.

1, 3 and 5, it can be appreciated from a comparison of

those figures with FIG. 2 that set screws 115 installed 1n
set screw apertures 30 and 31 respectively serve to
frictionally engage with the outer surface 24 of the
sidewall 20 of the main tube, thereby securing the pres-
s-in-ring 106, the fixed orifice plate 92, and the movable
orifice plate 72 all within the adapter cap 16 with the
outer wall 82 of movable orifice 72 positioned directly
adjacent the first intermediate edge 59 of the adapter
cap.

An O-ring 70 is provided as can be appreciated from
a comparison of FIGS. 2, 3 and 5. The O-ring 70 1s
placed over the cap sidewall outer surface 54 and posi-
tioned into the groove 56. The adapter cap 16 also has
placed therein the movable orifice plate 72. As can be
appreciated from a comparison of FIGS, 2, 3, 5 and 8,
the movable orifice plate 72 is a plate having formed
therein a center slot 74, a pair of outermost slots 76 and
a pair of intermediate slots 78. It can be appreciated that
the movable orifice plate has a pair of notches 80, an
outer wall 82, an inner wall 84, and a sidewall 86. Both
the movable orifice outer wall and inner wall, 82 and 84
respectively, are planar, and the movable orifice
notches are preferably formed on opposite sides of side-
wall 86. It can also be appreciated that a pair of adjust-
ment screws 90 are provided, which screws coopera-
tively engage with the notches 80 in the movable orifice
plate 72 so as to effect the movement of that plate
within the air heater 10 in a manner which will be dis-
cussed below.

FIGS. 2, 3, 5 and 9 also disclose a fixed orifice plate
92 which is a plate having formed therein a center slot
94, a pair of outermost slots 96, and a pair of intermedi-
ate slots 98. The fixed orifice plate 92 also has an outer
wall 100 and an inner wall 102, both of which are pref-
erably planar and parallel not only to each other but
also to the outer and inner wall 82 and 84 respectively
of the movable orifice plate. The fixed orifice plate also
has an outer sidewall 104.
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A press-in-ring 106 is also provided having an outer

edge 107, an inner edge 108, and sidewall 109 with the
sidewall having an outer surface 110. The outer edge in
the assembled embodiment of the air heater 10 rests
flush against the inner wall 102 of the fixed orifice plate
92. Meanwhile, the inner edge 108 of the press-in-ring
106 is positioned adjacent the adapter cap inner edge 64,
with the entire outer surface 110 of sidewall 109 being
directly adjacent the cap sidewall third inner surface
portion 62. The press-in-ring 106 also has a slight flange
112 formed in the outer edge 107 of the ring. When
assembled, the press-in-ring frictionally engages the
inner surface 22 of the main tube 12.
" The air heater of this invention also utilizes a heating
coil 120 as can be appreciated from a comparison of
FIGS. 2, 3, and 5. The heating coil 120 is preferably
formed from a plurality of coiled members 122, each of
which resembles a metallic spring. The various coiled
members 122 are shown as being positioned parallel to
one another and joined together by connecting sections
124.

The heating coil of this invention has an outer layer
preferably fabricated from stainless steel with this me-
tallic sheath 126 surrounding a metallic heat conducting
element 127 as illustrated in FIG. 4. Preferably the
metallic heat conducting element 127 is a wire compris-
ing nickel and chrome, and more preferably a nickel
chromium wire. The metallic heat conducting element

127 1s suspended within the metallic sheath 126 by an |

insulative layer comprising magnesium oxide or some
other insulative substance 128 as shown 1n FIG. 4.
The connector assembly 18 comprises a threaded
coupling 130 having at its bottom surface 132 a standard
box connector 134 secured thereto, as can best be appre-
ciated from a comparison of FIGS. 2, 3, § and 6. Re-
tained within the interior of the threaded couphing 130
is a support bar 140. This support bar 140 has an upper
planar surface 142, an intermediate planar surface 144, a
bottom surface 146, and an outer sidewall 148.
Formed in the support bar 140 are a first set of reces-
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of recesses 150 preferably being greater in size than the
second set of recesses 152. On the front face 18§ of the
support bar 140, are two support bar channels 158
which extend from the intermediate planar surface 144
to the bottom surface 146 in a vertical direction. A pair
of connector plates 160 are retained within the support
bar channels 158. Each of the connector plates 160 have
a pair of connector plate apertures 162 formed therein
through which first connector plate screws 164 and
second connector plate screws 166 pass. The first con-
nector plate screws 164 extend through the first set of
recesses 150 and are secured to the support bar 140 by
nuts 168. Meanwhile, the second connector plate screws
166 pass through the connector plates 160 and terminate
within the second set of recesses 152. As can be appreci-
ated from a comparison of FIGS. 2 and §, a connecting
screw 170 extends upwardly from the bottom surface
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main plug aperture 179, therefore, providing additional
securing of the support bar 140 to the main plug 175.
Main plug 175 has inserted thereinto a pair of pipe
plugs 180 with these pipe plugs 180 being inserted for
frictional fit into pipe plug apertures 182 having a
greater diameter at the bottom than at the top of the
main plug 175. The metallic sheath 126 of the heating

coil 120 passes through the pipe plug 180 as can be
appreciated from FIGS. 3 and 7. The heating coil 120 1s
formed so as to have a pair of exposed ends 183 with
these exposed ends 183 in reality being the metalilic heat
conducting element. The main plug 175 is secured
within the upper portion of the threaded coupling 184

just as the box connector 134 is secured within the bot-

tom portion of the threaded coupling 186.

BEST MODE

The air heater assembly of this invention is assembled
as follows. The heating coil is fabricated as shown by
having a total of 8 coiled members each of which are
wound on a 1.6 cm (§'') diameter mandrel with 28 coils
per coiled member, such that each coiled member 1s
approximately 20.3 cm (8'') in length. Each of the con-
necting sections 124 are approximately 2.54 cm (1”) 1n
length. |

The box connector 134 is secured to the bottom por-
tion 186 of the threaded coupling 130. Preferably this 1s
done using Teflon ®) tape between the threads of the
box connector and the threaded coupling. That assem-
bly is then slipped over the electrical circuitry 136 and
secured to the eye-ring connectors 138.

The main plug 175 is then screwed into the connector
assembly aperture 26 until it is approximately flush with
the inner diameter of the main tube 12. It is then tack
welded in place with the main plug aperture 179 posi-
tioned to the bottom. The exposed ends 183 of the heat-
ing coil 120 are then brought through the pipe plug
aperture 182 in main plug 175. The pipe plugs 180 them-
selves are then slipped over the metallic sheath 126 and
moved into frictional engagement with the main plug,
being careful that no potential ground faults such as
burrs or dents exist in the area of the exposed end 183
between the metallic heat conducting element 127 and
the metallic sheath 126. The length of the exposed end
183 is cleaned to bright metal and then trimmed to 0.76
cm (0.30”) in length. The connector plate is preferably
fabricated from stainless steel, is 1.6 mm (0.062"") thick,
2.3 mm (0.09") long, and 7.9 cm (0.312") wide. A 4.8
mm (6/32"") hole is centered 3.0 mm (0.119"”) from the
bottom end of the plate and a 3.6 mm (0.141") hole is
centered 1.3 cm (0.525"") from the bottom end. Each of
the exposed ends 183 are then welded to their respective
connector plate 0.25 cm (0.10") from the end of the
metallic heat conducting element in the region between
the uppermost hole and the top of the connecting plate.
The exposed end should then be coated with FDA
(Food and Drug Administration) approved high tem-
perature silicone rubber or boron nitride spray.

The connector plate 1s then secured to the support

146 of the support bar through a connecting screw 60 bar by passing first connector plate screw 164 through

aperture 172,

As can also be appreciated from a comparison of

FIGS. 2, 3, 5, and 7, a main plug 178 is also provided.
The main plug 175 has a top 176, a bottom 177, sidewall

178, and an aperture 179 extending upwardly from the 65

main plug bottom 177. This main plug aperture i1s ori-
ented such that the connecting screw 170 extends
through the connecting screw aperture 172 into the

the uppermost aperture in the connector plate, which
set of apertures are non-threaded, with the first connec-
tor plate screws 164 allowing the connector plates 160
to be secured to the support bar 130 by nuts 168. The
second connector plate screws 166 and the connecting
screw 170 are then inserted through the eye-ring con-
nectors 138. The connecting screw 1s then secured to
the bottom surface 146 of the support bar, with the
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connecting screw aperture 172 both within the support
bar and within the main plug 178 being threaded so as to
effect further securing of the main plug to the support
bar. The second connector plate screws 166 are then
inserted through the lower set of apertures in the con-
nector plates, which apertures are threaded, and thence
into the second set of recesses 152 which are also prefer-
ably threaded.

The support bar is preferably fabricated from a phe-
nolic, high temperature material. All of the bores 1n the
support bar are preferably 0.36 cm (0.141"'). The height
of the support bar is 3.2 cm (1.25"), with the intermedi-
ate planar surface 144 being 0.56 cm (0.219"”) below the
upper planar surface 142, and with the distance across
the top of the intermediate planar surface being approxi-
mately 2.85 cm (1.124"') and the top of the intermediate
planar surface being 1.82 cm (0.718") deep. The first set
of recesses 150 are bored at 0.89 cm (0.35"). The sup-
port bar channels 158 are 0.81 cm (0.320"') wide and 0.32
cm (0.125"") deep, with the section of the support sepa-
rating the adjacent support bar channels 158 being 0.46
cm (0.18") wide. The first set of recesses 150 are also
centered 1.31 cm (0.516"") from the bottom surface 146
of the support bar and the second set of recesses 152 are
centered 0.28 cm (0.109"") from the bottom surface 146
of the support bar. The connecting screw aperture 172
extends through the portion of the support bar located
between the pair of recesses 150 and is 1.35 cm (0.531")
back from the front face 155. |

The threaded coupling is preferably 7 cm (2.750")
tall. It has an outer diameter of 3.8 cm (1.50"). A tap, 5.7
cm (2.25") long and 3 cm (1.172") in outer diameter,
extends downwardly from the upper portion of the
threaded coupling 184. The upper portion 184 has an
additional 1.27 cm (0.50"') tap having a 3.2 cm (1.250")
outer diameter for accommodation of main plug 173.

The threaded main plug 175 has a 3.2 cm (1.250")
outer diameter and 1s 1.6 cm (0.625") high. The main
plug apertures 182 are preferably tapered such that at
the top 176 the diameter of each of the main plug aper-

tures 182 is 0.87 cm (0.344"'), while at the main plug

bottom 177 the diameter is 1.04 cm (0.410”). The cen-
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ters of each of the apertures 182 are spaced 1.27 cm -

(0.5"") from each other and are spaced approximately
0.32 cm (0.125") forward from the center line which
runs paralle] to the front face 155 of the support bar.
The main plug aperture 179 is a 4.8 mm (6/32") drill and
tap which is 0.97 cm (0.38"') deep and located 0.95 cm
(0.375") rearwardly of the aforementioned center axis.

The adapter cap 16 is assembled as follows. The O-
ring 70 is positioned within the groove on the adapter
cap. The movable orifice plate 74, the fixed orifice plate
92, and the press-in ring 106 are then sequentially placed
within the adapter cap until there is a relatively snug fit.
The set screws 115 are then tightened to keep the entire
adapter cap assembly secured within the main tube 12 as
shown in FIGS. 3 and 5. |

The adapter cap itself is approximately 5.08 cm (2)
from the end wall 42 to the inner edge 64. The end wall
42 has an outer diameter of approximately 7.53 cm
(2.963'") and an inner diameter of approximately 5.25 cm
(2.066""). Both the first and second inclined walls 46 and
48 respectively are inclined 15° with respect to the
valley 44. The valley itself has an outer diameter of 5.70
cm (2.244'') and an inner diameter of approximately 5.03
cm (1.982"). The width of the valley is approximately
1.22 cm (0.48""). The groove is centered approximately
1.14 cm (0.448") from the inner edge 64.

45

50

55
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The fixed orifice plate 92 is preferably fabricated
from stainless steel and has five slots. The plate has an
outer diameter of 7.89 cm (3.105”) and is 0.32 cm
(0.125") thick. Each of the slots has a width of 0.47 cm

~ (0.187"") with the centermost slot being 5.87 cm (2.312")

in length, the outermost slots being 3.81 cm (1.5") 1n
length, and the intermediate slots being 5.40 cm (2.126")
in length. The slots are all spaced 1.03 cm (0.406") from
the center line of each adjacent slot. The center line of
the center slot is offset 2.4 mm (0.093"”) from the paraliel
center line of the plate.

The movable orifice plate has as its diameter 6.35 cm
(2.5'), with the thickness being 0.64 cm (0.25"). Once
again, each of the slots are 0.47 cm (0.187") in width,
but the respective lengths of the center slot 74, interme-
diate slots 78, and outermost slots 76 are 35.40 cm
(2.126"), 4.93 cm (1.940"") and 3.34 cm (1.314"). The two
notches are 0.48 cm (0.19"') in width, with the bottom of
each of the slots being 0.55 cm (0.218") from the center
line of the outermost slot 76. Once again, each of the
slots are spaced 1.03 cm (0.406") from the center line of
the adjacent slot. As adjustment screws 90 are coopera-
tively and selectively adjusted, the adjustment causes
the slidably cooperating plate 72 to move relative to the
fixed plate. The press-in-ring 106 has an outer diameter
of 7.96 cm (3.133") and an inner diameter of 7.32 cm
(2.883"). The ring is 1.27 cm (0.5") wide and 0.64 cm
(0.25"") thick and is also preferably fabricated from
stainless steel.

The main tube end piece is 3.18 cm (1.25") in length
with the main tube end piece aperture having an inner
diameter of 5.72 cm (2.25""). The sidewall 40 is 0.53 cm
(0.21"") thick and the end wall 36 is 0.48 cm (0.188")
thick. The main tube end piece is preferably welded to
the main tube 12 near the end of the assembly of the air
heater.

INDUSTRIAL APPLICABILITY

The food processing industry has long sought to
provide efficient aseptic packaging equipment. An im-
portant component of this equipment 1s an air heater
which can heat sterile air in an aseptic packaging system
and which can have the air flow through the air heater
adjusted without compromising the sterile environment
of the packaging system. Additionally, it 1s important
that the passage of heated air over a heating element 1n
an air heater not present the possibility of product con-
tamination. This invention solves all of the aforemen-
tioned problems. A heater assembly manufactured ac-
cording to this invention is extremely beneficial in the
food processing industry.

In actual use, a plurality of these heater assemblies
would preferably be used in an aseptic packaging sys-
tem. After the food product container is sprayed with

‘hydrogen peroxide, for example, the container would

be placed under a first heater assembly with the slidably

cooperating plate adjusted to restrict somewhat airflow

through the heater. Thus, the air which would be blown
into the food product container would have an ex-

tremely high temperature yet a relatively low rate of

airflow. The highly heated air would tend to kill any
micro-organisms still present as the food product con-
tainer would move on so as to be subjected to air blown

- through other heater assémblies, the slidably cooperat-

635

ing plate would be adjusted to permit greater air flow
through the tube irregardless of the temperature of the
air. This higher rate of air flow is thought to be benefi-
cial in driving any microorganisms which still might be
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clinging to the inside of the food product container.
Consequently, the possibility of any contamination 1s
greatly reduced in a packaging system utilizing a plural-
ity of the air heaters of this invention. Additionally, the
ability to affect the flow of air is believed to be benefi- °
cial in providing greater system flexibility as well as
efficacy.

While the form of apparatus herein described, consti-
tutes a preferred embodiment of the invention, it 1s to be
understood that the invention is not limited to this pre-
cise form of apparatus, and that changes may be made
therein without departing from the scope of the inven-
tion, which is defined in the appended claims.

We claim: 15

1. An air heater assembly adapted for connection to
and use with an aseptic packaging system to make and
maintain the same in a sterile condition, the air heater
assembly comprising:

(a) a housing encasing a heating element, said heating 20
element comprising a plurality of coiled members
joined together, said coiled members each compris-
ing a metallic heat conducting element retained
within a metallic sheath:;

(b) a connector assembly for electrically connecting 29
said heater assembly to an electrical circuit, said
connector assembly comprising a support bar hav-
ing secured thereto a pair of connector plates, each
of said connector plates also being secured to said
metallic heat conducting element, said connector
assembly also comprising a main plug, said main
plug connected to said support bar and to said
housing, said metallic sheath passing through said
main plug; and 15

(c) an air flow entry member, said air flow entry
member attached to said housing and communicat-
ing therewith upstream from the heating element,
said air flow entry member comprising a fixed plate
having formed therein a plurality of orifices, and a 40
slidably cooperating plate having formed therein a
plurality of orifices, said slidably cooperating plate
being slidably adjustable relative to said fixed plate
SO as to vary the rate of the flow of air through said
heater assembly without compromising the sterility 45
of the aseptic packaging system.

2. An air heater assembly according to claim 1
wherein said slidably cooperating plate is positioned
directly adjacent said fixed plate.

3. An air heater assembly according to claim 1 50
wherein said metaliic heat conducting element com-
prises chromium and nickel, and said metallic sheath
comprises stainless steel.

4. An air heater assembly according to claim 3
wherein said heat conducting element 1s suspended
within said metallic sheath in an insulative layer com-
prising magnesium oxide.

S. An air heater assembly according to claim 1
wherein said shidably cooperating plate comprises a pair ¢,
of notches located on opposite edges of said plate, said
air flow entry unit comprising a pair of screws which
mechanically engage said notches, said screws being
cooperatively adjustable, said screws when adjusted
causing said slidably cooperating plate to move relative ¢$
to said fixed plate so as to effect a change in the rate of
the flow of air through the orifices of the slidably coop-
erating plate and the fixed plate respectively without
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compromising the sterility of the aseptic packaging
system.

6. An air heater assembly according to claim 1
wherein said support bar comprises an upper planar
surface, an intermediate planar surface, a bottom sur-
face, a pair of channels extending between said interme-
diate planar surface and said bottom surface, each of
said channels being adapted to receive a respective
connector plate.

7. An air heater assembly according to claim 1
wherein said coiled members of said heating element are
oriented parallel to each other.

8. An aseptic packaging system comprising an air
heater assembly which comprises an air flow entry
member, a heating element, and a connector assembly
for electrically connecting said heating element to an
electrical circuit, said air flow entry member compris-
ing means for varying the rate of air flow therethrough
to the heating element, while maintaining within said
packaging system a sterile environment, said heating
element being contained within a housing, said housing .
receiving air flow from the air flow entry member and
directing the air flow egress, said means for connecting
said heating element to said electrical circuit comprising
a pair of connector plates, means for securing said heat- .
ing element to said pair of connector plates, and means
for securing said electrical circuit to said pair of connec-
tor plates.

9. An aseptic packaging system according to claim 8
wherein said means for varying the rate of air flow
comprises a slidably cooperating plate positioned adja-
cent a fixed plate, said fixed plate having formed therein
a plurality of orifices, said slidably cooperating plate
having formed therein a plurality of orifices, said slid-
ably cooperating plate being slidably adjustable relative
to said fixed plate so as to vary the rate of the flow of air
through said heater assembly without compromising
the sterility of the aseptic packaging system.

10. An aseptic packaging system according to claim 8
wherein said heating element comprises a metallic heat
conducting element comprising chromium and nickel,
and a metallic sheath comprising stainless steel.

11. An aseptic packaging system according to claim
10 wherein said metallic heat conducting element is
suspended within said metallic sheath in an insulative
layer comprising magnesium oxide.

12. An aseptic packaging system according to claim 9
wherein said slidably cooperating plate comprises a pair
of notches located on opposite edges of said slidably
cooperating plate, said air flow entry member compris-
ing adjustment means which engage said notches, said
adjustment means being selectively adjustable, said ad-
justment means being adapted to cause said slidably
cooperating plate to move relative to said fixed plate so
as to effect a change in the rate of the flow of air
through the orifices of the slidably cooperating plate
and the fixed plate respectively without compromising
the sterility of the aseptic packaging system.

13. An aseptic packaging system according to claim 8
wherein said means for connecting said heating element
to said electrical circuit comprises a pair of channels,
each one of said channels being adapted to receive one
of said connector plates.

14. An aseptic packaging system according to claim 8
wherein said heating element comprises a plurality of
coiled members joined together, said coiled members

being oriented parallel to each other.
* %x % Xk X
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